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Abstract of the D lseloBure 
A control system for a chlorination plant 
Cor paper pulp provide*; for ieed forward control for 
continuously adjusting the percent applied cixlorlne 
to compsnsato for short and medium term variations 
in bloacb demand of the brown stock. A raafctrcaii&tiual 
moclcl Of the procci's may bo adjusted for variable 
retention time and ch Urination tciupai-ature* and also 
accounts for the. parallel oxidation and substitntion 
reactions in tha bleaching process* A chlorinatJon 
cransor is also provided whir/A coiupoasates Cor changes 
i« eonsiefceney mid haa fcwo selected sensing wavelengths. 



phc present invention resales lo a method 
of bleach plant control said Aloxa specifically to A 
chlorinat ion/extraction control system . 

Xa tl\fi paper making process the paper pulp 
la brightened to a selected target value or Xappa 
number by bleaching. Kappa nbJuber is a measure of 
tho quantity of lignin in the pali>. An essentia J 
pari, of the bleaching process is An the cbl or i nation 
and extraction stages where chlorine i* added to the 
10 paper pulp and reacte %Sth the ligain. lignin ife 
the material in paper palp which causes itB brown 
appearance and which must be removed to produce white 
paper or in ©thai- vordtf, to produce a Kappa number 
or brightness of a selected value. 

tfhuB, in theory, it Le desired to add the 
proper amount of chlorine bleach for the amount of 
lignin prosont in the pulp currently b*in<? inputed 
into the bleach plant. This inputed pulp 1b normally 
termed brown ctock. After completing the oUwJjwtion 
20 and extraction process the bleached pulp iiKn an extracted 
Kappa or K number which ic as close to the target 
bb po a Bible. 

l»ypical bleach plants way have the following 
?tage arrangements 

1) CSBD 
2} CH>Ki> 
3) CEHDED 

where 

C = chlorinution tower 

•* 

30 E ™ extraction Lower 

H * hypochlorite tower 
D " chlorine dioxide tower 
If thft firnt two fctag«B f C auU B, are coo trolled precisely, 
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the control of the later aiacpa is aruch oasie^* 

Otfo typs bleach control eye tern vhich 
hat bacn xi&ud in tJu> p**t is Wie "blacK viiiov« isontro* 
Hystftm aa described in an orticlo by Obonchfiin in 
EftPPl, January, 19J>8, Voluft* 41, I5to. 1. in th© ''black 
widow" tjy&tem a photowatxic editing d*«7±ce locaLed 
downstream ox Lhe elorinator Xeeds back inf orroaLion 
ay to the brightness ox; Kappa lumbar o± the jndp At 
that point to control o chlorino toIvo. However , 
this syctfcro floar. not adequately control the extracted 
Kappa number G+Jtw t*ie j»oi*rt at: wliiush the sensing 
device is located is upstream of the chlorinatiou 
tover and extractor. Thus, if. will no* easily or 
adequately compensate for either ambient temperature 
cbungos or chan*C£i in retention time of the paper 
pulp in the chlorination process. 

Another approach to chlorination is described 
in an article entitled "/l Hew Approach to lu-linB 
Control oC chlorination" by Jack Strom and iiarvey 
Noyrich in tho periodical Pulfl and Paper f March, 1*72, 
and in U.S. Pa^eciU No- 3,465,5*0* This system Iw.s' 
essentially the same disadvantage* aa tho "black widow 11 
£ ye torn, 

Xn addition, both of the forogoins approaches? 
U6© a proportional pins integral analog controller 
tchich produces an unstable control loop. T and I 
controllers arc usually detuned to provide a sluggish 
response because of thu danger of process gain or 
deadticQ© increasing; li those increase, the control 
loop becomes unstable. 

All of the conventional control mothoda 
for bleach plant control have poor control capabilities 
vhich cither reanlt in high bleaching costs because 
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r»r the oxcuu* mr> of chciuichls, ond concomitantly pollution problcntf, 
wui also insults in poor control of brightness. 

Ideally for perfect*, control, h pure food forward system 
would a«,ccl vhwrc tho craount ol l±gnin in the Incoming pulp Is 
cardial V "*i»Mcred «mcl the proper amount oC chlorine Is than added 
to react witti tho raeasnvefl ligaln to produce Che doftixod amount of 
b leach? n|t or brightness. This cannot be dona ainc* the Mtnunt oF 
1-5 Win cannot be Fucccsslvlly reasoned, 

Motfover, the eitfect of the cAicii-ul* cJ*lch ha* udd»<$ 
enn bo neasurad.. Hut, - ajca.li) a pure feedbnc* control system ctranot 
be tued since the total time for a typical chloTinataWejctractfitni 
process may runyc from 2 to 3 hours. This includes the tlrt* in a 
chl<jrhMj \\i.*BTt a chloTino twor ami as extraction tower . 

It is, therefore, a general object of the present invention 
to provide an improved control System for * bloacJi plant* 

ft Us mother object oi the invention ta ernvidc » chlOTi.aaHofj/ 
ftxtv^gtim control system which provides LmproYod r*prt»t^ou of cx~ 
tracked fcoppn nunfcor and hence briftlvtuejts , 

It is another object of the invention to provide an proved 
fWthoG of sensing chlevinatiom. 

It is another oh J ect of Clio Invention to provide a chlor- 
inaxion aensor Ln e sysben as above which automiticaUy compjn**t*fl 
ibr change* U consistency. 

Tho present invention provide* a method 0*6 control ling 
tho extracted Xrjpp* <\hh1>qt of j>oj>eT pulp in 11 process haying a con- 
tinuous flow of such pulp through pi<eaui*ing uenns "whoro a bleaching 
agent js edited ami partial bleaching tafcos place and through reactor 
weans tosifcatantiAliy cOAplete Such bluadring said pulp being sns- 
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C42ptiblc to tJio eon cej>t ration of lignin which 1* unman* crroble (1/ 
iuclf vfcich affects s&ld *appa number and whaze aol.d pulp i* sirfi- 
jocted to said blenching agCAt ±1) Jirid prciidxiug jkwoui mil said 
jrcuetoy npsms which aflects said Kapoa nuxfeer said wsthod cowpris- 
ijvs tlic iollowing stops: sensing a color will** .related to said 
Kappa iwml>or a£t*e said laaterial liu* l>eea Mibjei:t©0 to »oid blisjiub- 
iag agent Ijs suid pTunaxin^ uomu?; pxovidl-nj; & prediction model 
wliiuh za response to aald sensed vein*, tlic* anount of Met?ddri£ 
agaut add**], tttnftvCTittcTC iind retention ting in paid promisor 
!) mid reactor Jioan*, predicts the fut-ura vulw oJ said Xapp* nuaber 

after being withdrawn Iron zmsns relative to the present amount 
of bleaching aganv heinft added; usid coiiparitur said predicted 
future value iiftcx hiiiug withdrawn fTom the reactor t&dbrs witJi 
a set polae cafVm« V K \»ut ehaufl-iiu; »aid wmovnt- of blcucMng 
o$*rtf in response to a lacfc of coicparison. 

Pigiure 1 ii a block diB£ivun of both the actual process 
for cilorinat ion/extraction oF paper pulp alonfi w Ltb a functional 
bloclc dljigpcau of tbo ptiie*** ifMeU fche associated computer oratrolB. 

Plguro 2 is n aimpliJIied s chaotic of tho cbiorination 
> Sensor of Figuro 1. 

Pigora 5 ia a aet of characteristic oaves useful in under- 
standing the operation of -rtu> somsor of Figuro 2. 

Figure A is a bet of curias useful J J) understanding the 
operation of the prooasa of *i.guie I. 

Figure 5 is a maro detailed block diaffra* <*F Pifivre 1 , 

In Pi^iixa 1 there is shewn in tha process; portion ID a 
typical chlorauttoa/ extraction plant. Portion 11 ts either a 
computer i/r special purpose 
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control unit which control* the operation of the plant 
portion ID. 

Bpeeirically, the portion 10 includes a 
chlorination premixer oiiit 12 whicb has as inputs 
the brown stock peper pulp flow on line 13 and chlorine 
flew on a line 14 which is controlled by a valve. arrange- 
ment 16* The percent of chlorine applied to the bro«ri 
Block, of course, ia a major factor in dotarmiiung 
the extracted Kappa number or final brightness at 
this output 17 at the end o* tne procen!:, Tl*e uftilovino 
promixor 12 may Iklvu a retention time of 7. a seconds • 
to five rainutes. ttie transfer emotion of toe premixer 
i H reprea exited by the mathematical notation 01 {») ■ 
The c transform function somewhat jiimilar to a 
LaPlaco transform function exempt that instead of 
being a continuous variable tho z transfer function 
is based on periodic samples* e*g» f every second. 

The output ,oi! chlorine prcmixcr which 
is normal ly a continuous £iow la foci to a chlorine 
tower IB and then to ata extraction cower 19 bou'n of 
which arc ocaentially plug flow reactors* I'te total 
transfer function of the combined c h lorin at ion/ex tract ion 
process is represented as C2 (r) and represents a time 
<?el*y of from, two Co throe bcurc. At the output of 
the chlorination precnixor 12 ia a chlorination sensor 
21 wbioh senses che color of fc*»e partially, reacted 
.pulp after having been subjected to the injected chlorine 
for tbe retention time of the preraixer. The sensor 
output has beeu designated US. The chlorination process 
continues in tbe chlorine tower IB • The reaction 
products are extracted in extraction towr 19 where 
the final extracted Kappa number ia reached. 

• Referring now to the computer portion 11 
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of riguro 1, a predictor unit 22 provider a mathematical 
model which predict* the condition of the puip 3 saving 
the extraction tower 19 t in otber word?, predicts 
the extracted Kappa number, EX, baaed on the current 
oporating conditional PradScntor 12 is responaive 
to several eystuw* panaootors; percent applied chlorine, 
cit, tempera turo, » P cblorinetion sensor reading/ 1>S, 
and the retention timet? of both premixer 12 and chlorine- 
tnitfer IB, Xn addition, ethor operating variablee 
10 of the ehlorW,t!oa prooewje which axe taken into account 
ere the type of pulp and the actual partieul&x character- 
iBtioB of the proceeding equipment vhich includee> 
of course, chlorine premier 12 1 chlorine tOVOr 19 
and extraction Lover 19* All of thesto variables including 
ambient temperature and retention tijaes are represented 
by the input parameter* Kl" through K*'. Predictor 

A 

22 thue .provides on its main output lice 23, SK or 
toe predicted extracted Kappa number. 

ft byproduct of the predictor is the brown 
•2\) atocfc predicted Kappa number RX which' ia actually 
tho amount of lignin in the current incoming paper 
pulp* TfliB value- f of! course, cannot normally be measured 

A 

by ordinary on-line xoetheda. The value or BK is very 
v.BefuV in the control of tho pulping process vbdea 
procrcdoa tha blanching process, ab illustrated/ praJic— 
tor 22 hao he other Inputs the brovm stock flow and 
the riov oi chlorine. A combination of tbeee two 
element 9 with brown etocK consistency will provido 
tho per cant chlorine (CL) added to the brown stock. 
30 Periodic feedback control of tbe axtratrted 

Kappa number, xk? from output line 17 is also provided 
to etabilise tee remainder of tbe control aystfcm against 
slow drift in unmoacuroblo variable* - rho initial 
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extracted Kappa jiumboc sat point iff compared w.lfch 
the actual vsluo and any error drives * predictor 
update unit 25 dusigDitt-oil with a function W(a). 
Output 27 ar thiu predictor In osBeoo© provide a 
Xee*bacfc bias which whan combined *Uh CtWs predicted 
extracted Kappa number, EK, provides on line 28 & 
Kappa niariber updated for alow drifts. This is combined 
with, a lino 29 'which hae the current ar tracts Koppa 
number set point or target/ tho difference then providing 

10 an error signal on line 30 to drive a chloriuo controller 
51. 2hie controller bia a cheraciterie-tl? nl{t) Which 
is designated to compensate £or the iielayotf lu^asurcment 
of the cblorination sensor 21* In other wordK, the 
controller 31 nac a control elgoritbm Pi (2) vhieh 
£a a aampled-data , dead- time compos a ted control algorithm. 
Xce output o£ controller 31 on line- 32 drives the 
chlorine valve control unit 16 in accordance vith 
the error on line 30. 

Delay unit 24 incorporates a mathematical 

20- model G2 (a) which is tho retention time of the entire 
chlorlnatioa/oartxantion process. This unit enables 
the operator to easily change! the final set point 
by adjusting tbft currervt extracts* Kappa number set 
yoittt. * Vhia change must, of course, be delayed by 
G2(z) before being compared with the actual extracted 
Kappa number to provide on update* 

It is apparent £rom tho foregoing .description 
that the computer unJ.t 11 could bo either o special 
purpose compute r, a cieneral purpose computer or a 

30 specially designed control unit with the actual functional 
bJ.ocXs and Uner. as illustrated* 

jpxoiu a more theoretical and overall viewpoint, 
it is apparent that the by a tow os doscribsd above 
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i6 essentially a feed forward system %rl th respect 
bo the predictor 22 viLh a delayed measurement of 
Uxe dXutuxb««%no variable. I'hio disturbance vnximhl^ 
ia, of course, the amount of lignin In the brorm -stocX. 
or paper pulp* The coo trolled variabia ia the brightness 
or extracted Xappn number of tbA brown Btock and t1>« 
manipulated variable it tlK; percent, chlorira Added 
to the brovn stock. 

Figure 2 illustrate* the structural details 

10 of chlorlnat.Lon sensor 21. Such chlorinstion Mnw* 
is similar in concept to » moisture sensing device 
disclosed end claimed in D\S« Patent 3,641,349, the 
sensor in asKence measures the transmission of both 
vd Bible and infrared light through a vinjiow 36 in 
the pulp transmission line 37 from the chlorine precox xcr 
12. A light, source 38 is focused hi' lenses 39 and 
11 and chopped* by chopper 42* After being transmitted 
through the pulp or brown stock which is flowing- " 
through the line 37, It is split into two portions 

2Q by a been splitter unit 43. One portion is filtered 
by a filtorXl, focused thereafter by a lens 44 and 
detected by a detector «16. The other portion ie Til t*rvt< 
by a J?i*t;+\;jr^ 3 , focused by lent; 47 and detected by 
« detector 4ft • The outputs of both detectors are 
amplified by amplifiers 49 end 51, demodulated by 
dwuodulacor/ 52 and then coupled to predictor 22. 
tfhus, the output of demodulator 52 la ttS or to* nhlorin- 
atien sensor output. 

the wave lengths X 1 «ndX2 are a? illustrated 

30 in Figure 3 substantially 50Q ui Mimic rone and 1075 
millimicxona. lo other words ,X 1 is in the visiblo 
rati<to and^2 in the near infrared fretpency spectrum. 
«fl>e curves of Figure 3 illustrate the transmission 
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characteristic of the unchlorixiatsri bxovn stocX and 
fche brftWfl etocx afcar rdUorination and retention t.ijuca 
. • of both two mluufce*; raid 50 xjinutes. It it apparent 
that Uw: tr&naittis&iDD of Che wavelength Xl wi.U be 
con *1 dor ably affected "by Die amount of brightening 
or bleaching of the brown stock while the* traosmisBion 
of the wtvotaogth %2 1» ima£lccted. Thus, the laLt«K 
wavelength may be used as a reference and when compared 
«ith>l will provide an indication of the chlorine 

lfl . with fcbc brova wtocx. it is also ttpp-itrent thatXl 
. aadX^» rtitnottgh it la believed -that optimum values 
have been selected, way be varied somewhat from these 
values to achieve the desired oeasuroiaent results* 

•The ohleriaafcion aoneor will also au-toratically 
compensate for consistency changes* This is because 
the presence of more fibers Increases the amount of 
lignin in the path length of the light being transmitted 
through the window thus making the fiber xnacs loot 
darter. This, therefore, results in the controller 

20 increasing the chlorine flow. 

In the preferred embodiment of the preaeuk 
Invention the operation of predictor 22 la baaed on 
the assumption that two reactions, JUUncly oxidation 
aod substitution, occur simultaneously In producing 
the bleaching oC the brown stock by the chlorine. 
This Is Illustrated In Picyuro i where the awoont of 
chlorine consumed relative to the total reaction tliae 
provides eubstitution and oxidation curves, the total 
chlorine CO US untold being merely th* addition of those 

30 two reaction curves. The substitution curve rises 
very rapidly relative to the oxidation curve. It 
is apparent that consideration of these reactions 
ia useful Hi providing a CDatheontical model of the 
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blc»«hW p*ooea*. «TMl la eepeeially important whora, 
referring to tfiaur© l, the oulorlnation censor 21 
is necessarily located ixnntediately at the output o± 
*he chlorine premixer wfcitih may have » relatively 
short retention tirm. Tbla location ia neceseaxy 
ttince by minimi sji-nc. this delay time the control eye tern 
response to rapid or high frequency changes in brown 
otock Kapp* number la uade possible. The retention 
time will, therefore* fall in tl»e very early portion* 
of the* substitution-oxidation reaction cvxvo* *hoxe 
the faat*at rate of cbaoge ia occurring. 7hus, for 
an accurato prediction, it 'is cellared that it ia 
preferable to uae the parallel ra action Bsodol. 

Utilising the parallel reaction moddl fox- 
tha purpose of prediction the following assumptions 
arc raacUn 

1. - Two reactions, both firat order, occur 
simultaaeDualy, ttbo'ra arc oxidation and substitution* 

2. Chlorino in aqueous solution ia hydroliced 
according to 

h ' [at1 Hj ^ . <» 

Where K£ 18 the equilibrium constant ' at temperature 

\ fraction of the initial lignin of 

the paper pulp re seta with the molecular chlorine 
in a relatively fast, first order reaction; i«e*, 



OX* * V [Ltf] [Ci 2 3 



(2) 



where La ia the concentration of XXgnln available 
for subotJ tution and Jc fl ia a function of tetfrperature 
described by the nrrbeniue aquation. 

4. vtte total lignin also reacts with the 
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hygtochlorouc aoirt, BOC1, by oxiflatJ.on? i#e./ 



k o id .raoaj 



(3> 



whero 1 ie total lignln, L 0 relatee to the reaction 
by oxidation and k 0 in again rc 7.6 tod to temperature 
by the Arrhenin* equetlcu* 

The stoichiur&efcxy of the concvmsption of 
Ci 2 and H0C1 by lignin is related by 

bz>* = a& tcz 2 ] <« 

10 & L 0 - b& [H0C1J <5) 

vb*re "a" and "b" axo the stoichiometric cenfitantii. 

The foregoing assumptions can be used to 
dorlVO 6 mathematical rood** vhicti is *»*ed by the predic* 
tor ae shown in Figure X* Pox control about, a given 
atoady Bxare Qonyaiuion it is assumed that a linearized 
approximation to the aforementioned model Is an adequate 
representation of* the system* This a Gumption cannot 
b& extrapolated over c^IOa r&ngo conditions becauae 
the proceee is not linear* Therefore* the linear 

20 p&raroatora used, in the linearized approximation model 
must be updated when o major change in the process 
conditions occurs, 

Tbeee linear parameter* are functions or 
vood jBpueies, retention <iim&s between chlorine addition 
point and sensor and between, chlorine addition point 
odd chlorinatiou fcover outlet, pH. tempera tore {inlet 
and ambient) , extracted Knppa number Bet point and 
purcont chlorine applied. 

2wo methods are available to determine the 

30 parameters. The fir at is by plant testing which v-on 
be very tine consuming if operating conditions vary 
widely. The second method available to determine 
the for a-going parameter* is by cinq la tl on of the prorate 
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imino a jiacheinafcitHiL model, 

There are tvo basic vcrcions* of tho mathemati- 
cal model* First, it ifiay bo basod pn a b ingle "paendo" 
chaiaicol reaction. The second which is usckJ in the 
prof or red embodiment of the present invention is ba&ed 
on the two foregoing parallel chemical reactions including 
the effect of liquid phase chemical equilibrium* 
The model. i» in M\e foca of a coatputor program, it 
is believed that the parallel chemical reaction aodel 
provides ft better fit to experimental datR over the 
full range of retention tinea since it aoCQUotS for 
the rapid anhaCiibntion reaction which is observed 
in the data during the first few seconds or minutes 
after chlorine addition* The model itself includoB 
eguauiona <l) , (2), (3), <4> and <5) . 

xnitialiy, the following condition a uru 
act: L, h Q , initial chlorine concentration, K^, * B 



ami Jc, 



0* V 



k 5 and.k 0 are calcalaeed Crow tho specified 



reaction tcmporature. 

The following steps arc then porformod: 

(a) Calculate tho actual con Generation 
of Cl 2 anfl nocl from the hydrolyvi* equation {1} . 

(b) over the intugratioo interval £ t calculate 
the amount of lignin reacted by 

&L 9 = k a ICX 2 ] IL 8 ) fit (G) 
" ^ fROCJl IL] At (?) 
(cj Calculate the values of lignin by 



+ *V * L a 



CO) 
(9) 



and consumption of- Cl a and OOCI by equations (4) 
and <5K 



<d) 



Based on changes in Cl^* UOC1, 01 and 



fl* recompute C\ 2 **** HOCL for & t using the equilibria* 
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equation (1). 

<C> Ropoat atep* <h) , («) and {d> for the desired 
to La?, tiiac. rhlM Lime, oif course, indues the retention 
tinea of tha px&c&xmv and the chlorine tower. The 
results of taie nolutloa procedure is to Calculate 
the proii^e of Cl^ consumption aod nmonnt of lignin 
rear«tod and therefore tho color f 2>Sj of tha pulp 
(which Is lineorJy related to the ajoount of lignin) , 

Trout the foregoing simulation the linear 
parameters jl{ throuah R J can be derived for any given 
set of conditions including a change in rototrtion 
time since the additions of " & t compensate, for retention 
tiflte. Also changes in tempera Lure axe compensated 
since X^, k & tuid kg are related to tempera tore. 
The four par one t ex 8 are tho folio ving; 



ACL 



«2 



a-ir* 
j&Ik 



{10) 

(12) 
(13> 



where CI> iff equal to the per coat chlorine applied, 
BK ic equal to uhc brown stock Kappa Dumber input ed 
into the proeens, kK io equal to the eactracfeed Kappa 
number, and nfi is tho digital chlortnfction sensor 
output, illustrated in ?itjuro l, -the four paraTOeters 
K-l through x^ arc inputcd into the predictor ia an 
off-line niodo. At the pxeeent tima this ie fcelieved 
to be the most satisfactory nethod although an on- 
lino mode miyht he used vhon needed for certain typos 
of procasaes. 
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TtiO primi tfea igna bionc rcpreci?nt th« value 
used in the worfol which say differ txcax the ?trw" 
values for the? process because o£ unavoidable errors in 
estimating the paramo tors. As illustrated in Figure 5 
in fcho actual process shown in block 10 the K'a are 
unprimntf artd in the confute r as bHowti i/i block 11 the 
K and G functions are £riai«(3. 

More specifically/ to determine the par ania tors 
throoglj from the parallel reaction isoael, small 
perturbation coapu^tionc arcs carried out. For example, 
to calculate K{ » 3ng the initial values are set in toe 

wodol and OS is computed at tho tiraci tan - the outlet of 
the preniixer, Then the initial value of Cfc is changed by 
bvit and X>S is recomputed; the difference is 0 ns, IiAci. 
approaches sere then Kl' •» 5 PS = Aga* 

* -go: Sec 

2n the linearized vcrcion of the ttathsinatical 
model, the digital chlorination ann&or output, DS, and 
tho extracted Kappa- number,' BK, may be related to the 
constants Kj through by the eguationet 

PS - GlU) K a CI + G1U) K*j PK (14) 
BK = K 3 CX •+ K d n* <i$J 
Those amy be intuitively derived since in equation (3 4) 
the digital soneor output is, of course, rolatod to 
initial brovn stock Kappa number and the reaction of 
the chloxAne with that brown efcock. The a awe ic truo 
in equation (15) of the extracted Kappa number, Kk. 

The function Cl(z) relates to toe dead time of 
th« process pluc the first ^rder lag response between 
CI or BX and the output reading of the digital chlorination 
sensor and may bo represented by 
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(16) 



where 





1 - (l-Df 1 




L - 


l - cxp (-T/rl 


(17) 


H - 




U*> 


r - 


time constant 


11$) 


(tt+M) r « deadtlne 


<2&) 




samp J e intevv&l 


(21) 




integer 


* U2) 


0 1 


m < l 


<*3) 



the foregoiixj Joerely Ulufttratoa a 2 transform 
function which is similar in the continuous node to a 
tap lace fcr«msforco $unetJLon. 

Prom d practical standpoint, instead o£ predicting 
th« value of paaaing the chlorino addition point 
(IHl)T tijao ago it ib more practical f.0 predict PK 
which is thex predicted brown Stock Kappa number lagged 
by the dynamics Gl'(z). Cl' ! U) would include the process 
rosponao togatber with the exponential filtering on the 
digital chlorination aeiieror signal, 

Whoa* rewriting equation {14} in u now format 



yields 



OS 



Gl 1 



(a) Kj a + K] ffi 



Rearranging equation (2 4) to solve for BK c?lvee 
DK * D S - Gl'(Z) *f CL {25] 

jRevfriUng equation (15> to now include the 2 



function givee 



3BK » Gl 1 (z) K 3 d + K 4 JBK (26) 
and substituting equation (25) in equation yields 



ST 3 



(27) 



.7any2html?FILENAME^/o2Fcpoti%2Fprod%2Fapache%2Fhtdocs%2 



1 VUU ± 



S3! 








1116/16 









• V 



• ' i 



1 

■A 
.1 



999950 

apparent reJ*«x*ing to tbv predictor 22 oi 
Figure 5 tVmt equation (25) nay be utilized to solve lor 
MC and equation (27} for BK. Ihe toluUioo to aquation* (3 s) 
And (2?) in sihovn in Mock diagram Povmnt in the predictor 
22. HObe that if it ±m ao^ircd to solve for AX the 
remainder of block 22 need not be used. 

Thae, the present invention hae provided a food L 
forward type control olgoriUsm which is designed for maxiama 
dynastic offEctiveneii? by euu^enaeting for the inherent tins 
10 delay between chlorine addition and eoneor position* Also 
tho present process oasily provide* for variations in 
chlorinAtiwi temperature and in retention tine. 
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PROPERTY UK I^tVIM«E IS ULATMKD ARB MYJNtftf ^ J 

1. In a moV-hod of controlling thu c*UActec» Kaj*p» 
number of papor P«ip in a proe©«8 having a coutiuuous fXw 
of pulp tbxcjwqli p^miidng tfwon vhere a bleaching. Agent 

i* acW«d ni\d partis binnUiing pl«?6 and through 

reactor mean* to substantially complete uucb bleaching **id 
puLp being fiuficcpl.U>l« to the concentration of lignin which 
ie «»niett$utrahlA by itaaif which ofiYwtii said K*C>P* number 
*m* where ssiiO pulp ia snbiottad to mIiI hLaadhin* atfrtftL in 
said premixing Jto*™ and tiaid. reactor idoujjS vaicb af J;<*cU:b 
nai* Kappa mvfcar eaid method comprising the following Bt*pai 
a^ixscing a eol.or value related to -said K«PP» nunbox af»r 
said inaLerial ba^ been subjects to aaid b Loading a*o** in 
said prciuixing weana? providing a p^diction wudisl which in 
response tn Eutd sensed value, the amount of blDacbUg agent 
afided, and taiuperaturc and retention time in sai.d preadxer 
reactor M:ar>B , pndlolui the futuVo vOue of 0aU Kappa 
ounibcc after fowlng withdrawn *roro means MUL-iva to tt» pr*aaivt 
amount a£ bleaching a^ent being addwlr and sparing said 
predicted futurei </<U.Ufc after bo^ntf withdrawn HronJ the reactor 
moans with a sat point roterAnce and chafing suld amount of. 
bl«auhln<j agent in response to * iai* of v<>/uparieon. 

2. H method according to Claim 1 wh&r* said valne 
relutod uo aaid K*ppa nunibor is raeaaurcd after SAtd pulp hftfi 
b*en Bubjf!c:ted to aoiri blMCbiai agftnn in «au3 pzeuiixinq 
rocana for a relatively «tmru ticn* poriod as compared to 
said) retention time oC aaid roncrtor mean* which is a 
relatively lotwj tine period, . 

3. ft method according to Claim i vaare said color 
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value; rolatcii bo said Kappa number iu :*ejujud by jBoauurlug thu 
transmission of a eoioutod v&vclcngth of visible light through 



of infrared through &&id pulp and cotnpiiriti^ said lavo 
measurements, 

'j. A atethod nb in Ciuixb 3 where said visible 
wavelengt.h £a aube LanLialiy SSO miiXimicrona and naid infrared 
wavelength substantially 1075 ttu.lli.mM?L^rw, 

5. A tne.|*cxS an in <:laim 3 wh*re said blotching 
ay*xit is chlorine whluk i* consumed in Accorddjjco wiUi the 
parallel rfiacid.cn of ligniri vith chlorine in both oxidation 
arxt ffub&t&ttJkiAn mod** ftaid ra as Li cms be lag affected by 
v»riivt.Uvui in bu.la tcinpcratuCo ana 1 JteteutiOJi fei»Ofi *aid 
prediction model being xeepemsive to said variations. 

6. A mathocl of continuously controlling the Injection 
of a bleacning agent ijir.0 a moving stream of brown stock for 
producing a <2esi.ved onxghtixesa in the bravo RtocK auch brown 

a trick after Kaifl infection being retained in reactor tnnans 

li Mrodotcnniciod ccfeoatlofl timu to Rubabanbially complete the 

bleaching and tharoaftoc w i."thrt icnwn ic\%n KAiti veAotiar al a 

contiguous rate*, aaid mothod comprising tho stopy ot; fu*:n<iLng 

the color (1>S> of said storjK eifte/; said bleachM>g agent is 

injuCted but before Baid atock is placed in «&id x£aut.Oj; 

A 

3UBacii» r pxvdlotlAQ tlV>' extracr.ftd Kappa nuinher, fCK, of ccuid 
stock after being vlttjdftflm frOTO aaid. reactor based on the 
currant value? ot perc**!; bleaching agent appliod (CL) and the 
dartaeaa of the brown st-ocK <BK) by 



gaid pulp* measuring Lhe traasaiBsion of a selected wavelength 
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and 
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whare TrtC i* the predicted durk»e»a of tb« broV/i 0tO6* 
logged by th* dynamic*-, 01 4 (*) «ml rfulwifcituliag equation (1) 
in (2) 

a i 

whore Cl'U) 1* a as Conction reflecLias lag response 

vit:b reepect to a change, in brightnebS Scuiiud aJEter addition 
of bleaching agent where 

x SEE 

X.> = ADS 

k; = AWC 
J A CI, 

K ' - ABX 

said foregoing parajiietern XJ^ through being dorived £rom 
a mathematical wodel based on the parallel react ton of brown 
substance t.n said brown euock with Baicl bleaching cutout fcn 
both oxidation and iiubsfcihuhion mxtes aaid" derivation being 
baaed on ambient temperature: otf f.atci J>VOWn stock, and aaid 
retention time in sanxl reactor means aloocj with othor parameter, 
of: the method, and coaiyaring BK v.Lth d fust point xeferencB and 
chainj.tng tt*o iujnetiou of aaid bleaching agent in re^pOjuSC:' to 
* IacIc ol: canrnaxiaon. 
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